Magneto- acoustic rotation of transverse waves in 3 He-B 
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Abstract 

In superfluid 3 He-B, the off-resonant coupling of the J — 2~ , M — ±1 order parameter collective modes to 
transverse current excitations stabilizes propagating transverse waves with low damping for frequencies above 
that of the J — 2" modes. Right- (RCP) and left circularly polarized (LCP) transverse modes are degenerate in 
zero field; however, a magnetic field with H||q lifts this degeneracy giving rise to the acoustic analog of circular 
birefringence and an acoustic Faraday effect for linearly polarized transverse sound waves [1] . We present theoretical 
results for the temperature, pressure and field dependence of the Faraday rotation angle, and compare the theory 
with recent measurements [2]. The analysis provides a direct measurement of the Lande g-factor for the J = 2 _ 
modes, and new information on the magnitude of f-wave pairing correlations in 3 He-B. 
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The dispersion relation for RCP(+) and LCP(-) 
transverse current modes in 3 He-B is given by [1] 
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with A„ = -±p n (uo,T) and A s = -j±- p s (u>,T). 
The restoring forces are provided by quasiparticle 
excitations (~ p n ), and pair excitations (~ p s ), 
with p s + p n = 1 • The condensate term dominates 
at low temperature (p s — 1), and is anomalously 
large when the sound frequency is near a reso- 
nant frequency of the J — 2~ , M = ±1 collective 
modes, i.e. when 

D\{u>,H,T) = {LJ + iTf -n 2 ± (Lu,H,T)~0. (2) 
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The frequencies of the M = ±1 modes include the 
Zeeman splitting, 
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where u>i sq {T) is the frequency of the J — 2^ modes 
in zero field, g(T) is the g-factor for the J = 2~ 
modes and u>l {H, T) = j e g H is the effective Lar- 
mor frequency that determines the linear Zeeman 
splitting of the J = 2 multiplets [3] . 

Consider a linearly polarized transverse current 
excitation with frequency u> propagating in the z- 
direction. The RCP and LCP modes propagate in 
the bulk with different phase velocities, 

3(u,z) = -p e" z + (w)z e+ + -= e iq -^ z e , (4) 
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where e± = (x ± iy)/\/2 are the polarization vec- 
tors for RCP and LCP current modes. The re- 
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sponse corresponds to a pure Faraday rotation of 
the polarization if the phase velocities are real, 
which is the case at very low temperatures (T <C 
T c ) and frequencies above the collective mode res- 
onances (\u> — fl±(T)\ ^> r). The transverse wave 
propagates with the average phase velocity, c = 
2u)/{q + + g_), while the polarization rotates with 
a spatial period, A#(oj,T) — 47r/|g + — <7_|. 

Near the M = +1 mode crossing (ui = 
H, + (T + )) the temperature dependence of the Fara- 
day rotation period is dominated by q+(T) ~ 
qf \/ s(T/T + — 1), where qf — tu/vf and s = 
2|fi' + |T+/A s fi + are evaluated at T = T+. The 
field dependence of Ah originates from the Zee- 
man splitting of the M — ±1 modes, and appears 
through the shift in the wavenumber of the LCP 
mode. Using D 2 _ = D\ + ig(T)uu L (T, H) we 
can write, g_ ~ qjy / s(T/T + — 1) + B/B + , where 
we set g = g{T + ) for low fields, gcu^ <C f2+, and 
T^T + . The formula for q~(T) also simplifies be- 
cause A„D^(T) -c A s lo 2 . The field dependence is 
determined by the field scale, B + = A s f2 + /4 g7 e ff, 
where 7 c fj, is the effective gyromagnetic ratio. 
Thus, near the mode crossing the Faraday rotation 
period simplifies to 

Ag= J=k ; =, (5) 

where X f = 47TU//Q+, a = S {T/T+ - 1), and f3 = 
H/B + . Except for temperatures very close to the 
collective mode resonance or for very low fields; 
i.e. for s(T/T + — 1) > H/B + , Ah scales inversely 
with H and as the square root of the reduced tem- 
perature, A H ^ K v / T/T+ - 1/H, where K ~ 

ia{^Vf/^^g)J^{m*/m- l)p s /p is determined 
by the effective mass, superfluid density, gyromag- 
netic ratio, Lande g-factor for the modes, and the 
slope of the collective mode frequency, which is ap- 
proximately Co = 8\fl' + \T + /n + ~ 1 at T ~ 0.44T C . 
Recent experimental measurements of the Faraday 
rotation angle [2] confirm this scaling behavior. A 
quantitative comparison between the theory and 
experimental measurements of the Faraday rota- 
tion period as a function of temperature, pressure 
and field can be made on the basis of Eq. 5. 
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Fig. 1. Comparison between the theoretical and experimen- 
tal results for the temperature dependence of the Faraday 
rotation period for a field of H = 100 Gauss, frequency 
of (jj/2it = 82.26 MHz at pressures, p = 4.31 bar (red), 
p = 4.42 bar (blue), and p = 4.52 bar (green) [2]. 

Fig. 1 shows the comparison between the the- 
oretical and experimental results for the temper- 
ature dependence of the Faraday rotation period 
scaled to H — 100 Gauss for three pressures near 
4 bar. The inputs to the theoretical calculation are: 
the Fermi liquid parameters, T c , Vf, Ff, Fft [3], the 
mode data, T + /T c and u>, and the gyromagnetic 
ratio for 3 He. The calculated parameters that en- 
ter Eq. 5 are the effective Larmor frequency, lul = 
JeffH, the condensate response, p a (u), T + ) and the 
slope of the mode frequency, |r2 + |T + . The remain- 
ing open parameter is the Lande g-factor which 
determines the vertical scale for Ah', the fit to the 
data gives g = 0.02 ± 0.002, which is in agree- 
ment with theoretical calculations of the g-factor 
that include attractive f-wave pairing correlations 
in 3 He-B[4]. 
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